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Abstract 
Massive discharge of CO2 has serious impact on the global climate and threatening the survival of humanity and life. How to make 
waste profitable becomes the subject of attention. Against this issue with my research domain, CO2 could be injected in the oilfield 
as a kind of oil-displacing agent, especially the ultra-low permeability oilfield with difficulty in water injection. This technology not 
only displaced oil but also sealed up part of CO2 underground forever. This passage summarized CO2 displacing mechanism, and 
did research on the opportunity of advanced CO2 injection and the style of cycle CO2 injection by reservoir numerical simulation 
application in a typical block using Eclipse software. Through comparing with six proposals, the consequences indicated that CO2 
flooding technology could be applied in ultra-low permeability oilfield. Advanced CO2 injection and the style of cycle CO2 
injection could both have good flooding effect and pressure maintenance degree. The best opportunity of Advanced CO2 injection is 
4 months. In cycle injection proposals, increase-decrease style is better than increase-suspend style. These conclusions could not 
only provide new theoretical basis for gas flooding in ultra-low permeability reservoirs, but also solve the reduction of CO2. 
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1. Introduction 
At present, the discharge of greenhouse gases (mainly CO2) in our country placed in second position in the world, 
maybe in first position in 20 years later [1]. So, it is necessary to carry out research on dealing with greenhouse gases. 
There are 3 methods to be used at present in the following [2, 3]: (1) oil and Gas fields difficult to inject water can 
disposal of CO2 and enhance oil recovery furthermore, (2) deep salt water layers or deep water layers below 1000m 
have enough space and pressure condition to restore CO2, and (3) the coal bed difficult to exploit can restore CO2 
through replacing methane absorbed in coals. Among the three methods, first methods can make waste profitable. As 
the permeability of oil field is higher than other layers, it is easy to inject CO2 into oil field. 
At present, ultra-low permeability reserves occupy a very large proportion in the proved and undeveloped reserves 
in China [4]. They are heterogeneous and shortage of natural energy. During water flooding, the flow characteristic 
deviates Darcy law to show non-linear characteristic as porous medium complexity, fluid characteristic and the 
interaction between them. Fluid can flow when the inject pressure gradient is higher than startup pressure gradient, 
which causes higher inject pressure [5]. Higher pressure causes water to flow along the natural fracture and produce 
water earlier especially in ultra-low permeability reservoirs [6]. What is more serious is that the phenomenon of 
“difficult to inject and difficult to product” make it difficult to establish effective pressure system between injection 
wells and production wells. CO2 injection can solve this problem and supply energy for oilfield. 
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2. Mechanism Analysis 
2.1. Mechanism Analysis of CO2 Flooding 
Under the critical pressure, CO2 change into emplastic liquid and is easier to dissolve in water than other 
hydrocarbon gas. The solubility in petroleum is larger than in water so that it trans-dissolve from water to petroleum. 
Its physical chemistry characteristic decides its flooding mechanism [7]: (1) decrease interfacial tension and flow 
resistance, (2) decrease oil viscosity, make oil volume expansion, extract and carburate light hydrocarbon from crude 
oil, (3) pressure drop causes solution gas drive, and (4) enhance injective ability through acidization. But synchronous 
injection may cause gas production earlier and more, as the gas permeability increases. While advanced CO2 injection 
and cycle CO2 injection can slow down gas breakthrough time and enhance oil recovery. 
2.2. Mechanism Analysis of Advanced CO2 Injection 
The characteristic of low and ultra-low permeability reservoirs has startup pressure gradient and elasto plastic 
deformation. Based on it, the technology that advanced CO2 injection has been proposed to improve this kind of 
reservoirs. Advanced CO2 injection is that production wells start to produce later than injection wells start to inject. 
The reservoir pressure is higher than initial pressure so that the pressure gradient be easily established and keep it once 
production wells start to produce. Following is the mechanism: (1) establish the effective pressure system once the 
production wells start to produce and oil can flow under the non-Darcy law. The distribution of pressure shows in 
Formula 1, (2) prevent the physical characteristic of reservoir changing worse. From literatures at home and abroad, 
permeability of reservoirs only gets back 60%-75% of initial value when the pressure gets to initial pressure, and (3) 
prevent the physical characteristic of petroleum changing worse. As the pressure drop lower than saturation pressure, 
gas starts to divorce from petroleum in reservoir so that the viscosity increases and the gas cause “Jamin effect”. 
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Where:  
p——reservoir pressure, Pa;  
wp —— production well bottom pressure, Pa; 
Q——production rate, m3/s; 
K——permeability, 10-3μm2;  
h——reservoir thickness, m; 
r——radius, m;  
wR ——well-bore radius, m; 
eR ——supply radius, m. 
2.3. Mechanism Analysis of Cycle CO2 Injection 
Cycle CO2 injection is to enhance elastic energy of reservoir through increasing and decreasing injection pressure 
periodically. The unsteady pressure in reservoir causes the unsteady flow exchange. The more serious the 
heterogeneous is, the less steady the pressure is, and the more petroleum flow from lower permeability to higher 
permeability. Cycle CO2 injection can also improve sweep efficiency and reduce low-efficient gas injection. The styles 
of cycle CO2 injection include increase-decrease style, increase-suspend style. Different styles have different flooding 
effects. 
3. Numerical simulation analysis in a typical block 
3.1. Introduction of the Block 
The area of block is 0.6 km2. Average permeability and porosity are 1.3mD and 13.3%, respectively. It belongs to 
low-porosity ultra-low permeability reservoir. The net thickness is 6.6m. Initial pressure is 17.6MPa; saturation 
pressure is 8.46MPa, which belongs to saturated reservoir. Reservoir temperature is 94.4℃. Oil reserve is 21.6×104t, 
average saturation 55%. One exploration well started to produce in 2005 by natural energy. Then 7 production wells 
started to produce in 2010, but none of them had production rate as the permeability is so low. Until now, cumulative 
1471CUI –Maolei et al. / Procedia Environmental Sciences 11 (2011) 1469 – 1472
Author name / Procedia Environmental Sciences 00 (2011) 000–000 
oil production is 0.3×104t, and the present pressure is 13.4MPa. The main problem in the block is the poorer reservoir 
energy, lower permeability. So, it is necessary to establish effective drive pressure system as soon as possible.  
3.2. Model Establishment and Simulation Proposals 
According to the geological and reservoir characteristic, the model was established by Flogrid Module of Eclipse 
software. The plain of model divided into 27×30, the step of X and Y direction are both about 25m. The vertical is 
divided into 4 layers. And then did history matching to match the actual situation. Simulation proposals are in the 
following. 
Simulation condition: synchronous injection rate is 6500m3/d (standard condition); advanced CO2 injection rate is 
5000m3/d; injection rate in increasing cycle is 9000m3/d; injection rate in decreasing cycle is 4000m3/d. The bottom 
pressure of production well is 10MPa. The proposals showed in the following. 
Proposal 1: Advanced CO2 injection 2 months, then synchronous injection, forecast production for 10 years. 
Proposal 2: Advanced CO2 injection 4 months, then synchronous injection, forecast production for 10 years. 
Proposal 3: Advanced CO2 injection 6 months, then synchronous injection, forecast production for 10 years. 
Proposal 4: Increasing cycle 2 months, then decreasing cycle 2 months, forecast production for 10 years. 
Proposal 5: Increasing cycle 2 months, then decreasing cycle 2 months, forecast production until the amount of 
injection was equal to that of Proposal 6. 
Proposal 6: Increasing cycle 2 months, then suspension cycle 2 months, forecast production for 10 years. 
Proposal 7: Synchronous injection, forecast production for 10 years. Results show in TABLE I. 
TABLE I.  NUMERICAL SIMULATION RESULTS 
 
 
 
 
 
3.3. Results analysis 
From the Table above, the cumulative oil production of Proposal 2 was higher than that of Proposal 1 and Proposal 
3. The increasing extent between Proposal 1 and Proposal 2 was larger than that between Proposal 2 and Proposal 3. It 
indicated that there is right amount of CO2 injection. As above the right amount injection, the low-efficient gas 
injection would increase. That was to say that the ability of accommodating CO2 is limited, the surplus injection not 
only increased the cost but also increased the pressure even higher than burst pressure of rock. So, 4 months was the 
best advanced injection time for this block. 
Comparing 3 cycle CO2 injection proposals, proposal 5 had more production than proposal 6 under the condition 
of the same injection amount. And the ultimate pressure of proposal 5 kept higher than that of proposal 6. It indicated 
that proposal 5 had large sweep efficiency, and brought elastic energy generated by pressure fluctuation into full play. 
Oil and water may flow as the pressure gradient was larger than startup pressure gradient, and so was gas. In increase-
suspend injection style, startup pressure gradient depleted some energy for opening throat during injection cycle. 
While increase-decrease injection style needn’t take extra energy to overcome the startup pressure gradient, because 
the throat opened during entire process of production. That was to say that increase-decrease style kept higher drive 
pressure system. 
In a word, under the condition of the same amount injection, both advanced CO2 injection style and cycle CO2 
injection style had higher oil production, better ability of pressure maintenance, lower gas production and better 
effective startup than synchronous injection style. They were both good methods for enhancing oil recovery in altra-
low permeability reservoir. 
4. Conclusions 
(1) In today’s greenhouse effect increasingly, we can make waste profitable, solve the problem that “difficult to 
inject water and difficult to product oil” in altra-low permeability oilfield. 
Proposal 
Cumulative 
oil 
production 
/×104t 
Cumulativ
e gas 
injection 
/×108m3 
Cumulativ
e gas  
production 
/×108m3 
Final 
pressure 
/MPa 
Proposal 1 1.53 0.236 0.051 15.2 
Proposal 2 1.58 0.239 0.055 15.2 
Proposal 3 1.59 0.242 0.062 15.3 
Proposal 4 1.53 0.234 0.049 15.0 
Proposal 5 1.38 0.162 0.032 14.5 
Proposal 6 1.35 0.162 0.030 14.2 
Proposal 7 1.40 0.237 0.070 14.7 
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(2) Advanced CO2 injection can establish effective drive pressure system, and supply enough energy for reservoirs. 
4 months is the best advanced CO2 injection time in consideration of economic aspect. 
(3) Cycle CO2 injection also can establish effective drive pressure system. Under the condition of the same amount 
injection, the increase-decrease style has better flooding effect than the increase-suspend style, advanced CO2 injection 
and the increase-decrease style have the same flooding effect, and the former one has better pressure maintenance. 
(4) Under the condition of the same amount injection, both advanced CO2 injection and cycle CO2 injection style 
have better flooding effect than synchronous injection style. 
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